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G=neral Overview

Conduct a system-level sensor demonstration of a very long
wavelength infrared focal plane array, buffer electronics, and the TRW
superconducting analog-to-digitd converter operating at 10 Kelvin in a
dewar environment.

Demonstration Goals:

ADC Goals System Goals:
. Operating temperature of 10 . Real-tme video display

Kslvin . Rslevant data processed with-
. NO niI'ssing cooes in oigtzed in ea'nutes

data at 10 MHz input rate

.- Noiss performance at least as
good as a Si ADC outside the
dewar

. Power dissipat on acceptable
for space applications
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Sensor System Test B=d

The sensor system testbed activity is jointly funosd by the Balistic
Missile Defense©rganization, the Naval Research Laboratory, and the
National Aeronautics and Space Administration/JPL.

Value of ths Test Bso:

. Establishes a JPL capability for 2-30 Kelvin system-level evaluation
of new instrument component technobgies (e.g., advanced focal
plane arrays readout electronics, inte face electronics and analog-
to-digital converters).

e Provides an essental bridge between component technology
development and instrument applications projects.

e Provides a neutra site testbed for the evaluation of advanced
instrument components which are being developed by foreign and
domestic supp iers.
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SCE Advantages — Speed
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Projected speed is more than two orders of magnitude faster than
present Si techno ogy.
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SCE Advantages — Power
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Power dissipation is more than two orders of magnituds lower than
preserit Si technology.

SP0L APS — April 21, 1997



Potential Applications of SCE

High SNI'mag'ng for high background interceptor seekers and space
surveillanceoptical sensors.

e VLWIR image digital signal processing on the focal plane
e Multispectra =rocessing in real time.

o Order of magnitude reduction in system power, including refrigeration
penaty

Ultra high performance eomput ng
e >10 GHz clock speeds

High data rate, mu tiple access e>mounicatons networks

SJPL APS — April 2 , 1997



Slow frac8 rate, arge IR arrays - astrophysics

e multispectral camera with = 5122 arrays
e uss SCE to lower power oissipation by using ons ADC and processor

Fast frams rate arge IR array, Earth atmospheric s cunding

e Hyperspectral therma IR dispersive imaging spectrometer

- use SC ASCs to read out Si:As IBCs for monitoring data in 8—14
micron region

Very fast frame rate cooerats IR array - Earth remote sensing

- Ilmaging Fourier transfore spectrometer

e otlize SC ADCs to achieve frame rates (>1o kHz) necessary for FTS
operation, and use SC processcrs to oo data process ng

P00 APS— April2 1997



System Block Diagram

i

FPA/Buffer Data Acquisition
Control Electronics "_ Silicon & Analysis System
ADC

A

| Magnetic
Source _ Shielding

\ Dewar @ 2-3.K

- NbN | - | Readout
| ADC | Electronics
/ . 4

] B I

Window \

Cooled Optics ADC Control
Electronics
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FPA Characteristics

Rockwell (now Boeing) High Flux Arsenic-Doped Silicon Blocked
Impurity Band (Si:As BIB) Hybrid Focal Plane Array.

Number of Elements: 128x128

Pixel Pitch: 75 microns
Spectral Response: 2 to 28 microns
Operating Temperature: 4t014 K

crac3 Rate (Max): 400> per second
Number of Outputs: 16

Data Rate perOutput (Max): 4 x 10° pixels/sec
Output Voltage (=eak-peak): +5 V (zero flux) to +3 V (saturation)
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Buffer/Multiplexer Characteristics

Requ-rements:

e Multiplexes the detector’s 16 vo tage outputs onto a single signal ine
e Provides a single voltage output for the external ADC

e Provides a single current output for the supsrconductng ADC

approach:

e Fabricate the buffer as a small-scale IC usng gallium arsenide
junction fie d-effect transistors (GaAs JFETS). This fabrication

technology is available in-house at JPL.

Performance:
Power Required: 1 mW
Size: 9X9 men
Speec (Min): 100 MHz
Operating Temperature: 4-300 K
CurrentOutput: 0-%00 od-Croamps
Voltage Output: +8 vio +6 V
NOSS: 1 microvolt/sqgrt(Hz) at 4 K
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Data System

Data System Requ-rements:

e Control and operate the FPA, buffer, and both the Si and NbN ADCs
in a synchronous manner

- Olow a direct interface with Si and NbN ADC inputs

e Accept data at 10 MSPS (17 MHz senal bursts)

e Store images on disk for future processing

e Display selected frames in real time

Analyze stored data for missing codes, linearity, noise, etc.

o Compare Si and NbN ADC performance

Approach:

Use available control equipment where possible

e Fabricate interface box to convert NoN ADC output signals to levels
acceptable by data acquisition computer (RF amp and ECL ogic)

e Interface box operates at room temperature

e Data acquisiton computer s a fast PC with oltra-wide SCSI disk
interface
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A/D Converteroverview

e Supplied to test bed by TRW

e Based on niobium nitride Josephson junction technology
e Operates at a temperature of 1o K

e Processes data at 10 MSPS with < 2-bit conversion

- Input is 0—150 millivolts, single-ended

- Outputs are a sing e serial data line, bit clock and word clock provided
by control electronics

o Output evels are 0—-2 mV into 50 Ohms.
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ADC Block Siagram

<5
Y f= NIM Vin
SFQ _ SFQ
VCO | isamhw Y Qﬂo
Gate
Control
SB0

190 ns "y

SFQ
Counter
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Shift Register Bi s Out
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Input Characteristics

50 Q VCO SQUID

— AAAN Y

W SFQ Pulse

Input
Voltage

Output

5 mQ

<}_
0.8 Q
VWA

Control Line

|-V relation for the 5 mQ shunt resistor in combinat on with the VCO
SQoID is (slightly) nonlinear, thus:

2 Vin /5000 2
Count = Tyate i Ic 5mf) A / v — 1
h Io
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Resulis

O superconducting oigtal integrated circuit has been used as a
component in a real-world” system for ths first time!
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Images

‘mages of various objects in the lab (clockw se from top left): fingsrs
letters and so cerng iron, toy airplane, letters through a silicon wafer.
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Comparison images with Si ADC

Comparison images show that while noisier, the NbN converter images
have the same essential features seen in the Si converter images.
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Ramp/sine ‘'magss

_— — - I e e B

¢} S50xi0 1.0x10 5%

Typical “image” of a function generator input. Bt errors (ful scale and
s.ngle bit) are seen in the plot.
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Levels
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—inearity
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Plots showing the linearity of the converter. The left column is a simple
linear fit to the data; the right is a fit using the theoretical |-V relation for
a shunted SQUID osc llator.
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Quadratic Fit

N
O

w
—y—

) ) ﬂ
[ ADH ,,oﬁ 7
A !
55 ]
,ﬁ 4
t 1
, 0" ’
ne 0.5 7.0 1.5 0.0 0.5 1.0 .5
nput Voitcge (V) input Voitage (V
_iNECT it REesICuCis Qucdaratic Fit Residuals
4 _ H — 4 _ q 3
: ] A,
- L 4
‘ | 2y 4_
- | ]
- = !
> = ' ) . - I _ + q
[ - T - w + " |
< v T s | @ oo+ Tt
. - |
—2- ] ~2+ ]
: ] :
-4, . , ] —4 ‘
0.0 0.5 1.0 1.5 0o 0.5 1.0 1.5
input Voltage (V) input Voitage (V)

Plots of the noise as a function of ths input wltage. The sourceof this
excess noise is not yet understood.
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Spectral Characteristics

20 «tiz Sine with NoN ADC 20 kriz Sine (fitered)
S of ] o ot ]
— - . . — b “
h W ...\:.v .........' ..\/.w s + ! \ .\,, 5 v \/. \u
I 0.5 Qo o P S ; ) B
" s Do ©on Do . w ©° i i a ;]
N LL [ ) 2]
S . = S0 7
) ; . o © Pt : : !
2 L : © [ ! : v !
2 05% - ;- 2 —o5f t . ]
= — 72 = o o o/ /A
2 g ’ s [ . :
R 4t R
2 .0 - 2 1.0 r k , . A_
o 5o 100 150 200
Time (us)
Smootned power sopectra
o ! O,r 1
0] () h. u
o N n s
w =40 _ —=40r 1
5 : S A )
N I\J\) _I_l +
[ le}v] .
E € ,
° 80 °
x _-G0 o
© ! ©
=120 ; o
G 100 1000 10 100 100
Frequency (kHz) Frequency (kHz

Power spectra for both the NbN and Si converters.
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ULUIT AL VUIN
Near-term work:

- System size reduction
- Incorporationof improved TRW ADC

e Incorpora<on of TRW DSP chips (background subtraction and gain
correction)

Possible longer term:

Evaluation of Hypres 16-bit Nb ADC

Rapid cool-down capability

Ado superconducting memory to TRW SSPs
Flight deeonstration
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High T, possibiities

- Architecture is directly transferable
- Current roadblock is simply how to make chips with high-7". materials

AP0 APS — April 21, 1997



Conclusion

Under sponsorship of BMDO, ~RL, and NASA, JPL has established a
testbeo capability for 2-3o K system-level evaluation of new instrument
component technologies.

The TRW superconducting anabg-to-digital converter has been
integrated with semiconductor components and successfully demonstrated

in an infrared instrument system at 10 Ke vin.

The instruessnt system testbed is available as a neutral site for
evaluation of advanced instrument components.
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